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530a Wednesday, March 9, 2011important role in such coordination. Therefore, we examined the effect of intra-
molecular tension on dynein movement by linking two dynein motor domains
with Gly-rich flexible linkers instead of the dynein tail domain. Unlike the other
two-headed motors, the dimeric dynein with the flexible linkers moved proces-
sively in a similar manner as the dimer without the flexible linker. Since this
result suggests that the tension through the tail domain is not necessary for dy-
nein’s processive movement, the two dynein motor domains may directly inter-
act and communicate each other. To test whether the two motor domains
experience intramolecular tension through this direct interaction instead of
the tail domain, we expressed a heterodimer with an inactive motor domain. Al-
though the inactive head completely lost its motile activity and needed external
force to detach from a MT, this heterodimer with the flexible linkers showed
processive movement. The results suggest that direct interaction of two motor
domains is physically strong enough to allow the active head to pull the inactive
head off from MT.
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The spatial arrangement of a cell’s contents, and its ability to redistribute
them, is fundamental to its survival. In all animal and plant cells, kinesins
fill a large part of this need, hauling chromosomes and vital cargo-
containing sacks to their required destinations. Many kinesins operate as a ho-
modimer in which the two subunits coordinate their movement along micro-
tubules and perform a single cellular function. However, a few kinesins in
certain species mix-and-match different molecules in ways that allow the mo-
tor to perform multiple functions. Certain types of pathogenic fungi harbor an
unusual group of kinesins that form heterodimeric complexes with one or
more non-catalytic kinesin-like proteins that regulate the function and cellular
localization of their catalytic partner. A challenge in the motor protein field is
to provide a mechanistic view of how these asymmetric motors move using
this unconventional form of motor subunit arrangement. Our recent determi-
nation of the X-ray crystal structures of the motor domain region of both the
catalytic and non-catalytic subunits of a heterodimeric kinesin from Candida
glabrata revealed that certain regions of the latter subunit are highly dynamic.
Specifically, our crystals of CgVik1 (the non-catalytic subunit) exhibit three
very different conformations of an alpha-helical segment that is analogous to
the force-producing ‘neck’ element of kinesins. The intramolecular interac-
tions of the CgVik1 neck and its motor core differ in each conformation
and are accompanied by movements in elements that are analogous to the nu-
cleotide binding ‘P-loop’ and part of the microtubule binding surface of cat-
alytic kinesins. This suggests a functional link between CgVik1 neck
orientation and microtubule interactions and motility of the motor complex,
and sheds light on how this kinesin works at the atomic level as an asymmet-
ric motor complex.
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Centromere protein CENP-E is a dimeric kinesin (Kinesin-7 family) with
critical roles in mitosis including establishment of microtubule (MT)-chro-
mosome linkage and processive movement of monooriented chromosomes
on MTs for proper alignment at metaphase. A single molecule of CENP-
E has two motor head domains containing an ATP and a microtubule bind-
ing site. The motor heads are dimerized through an extended a-helical
coiled-coil stalk (~200 nm in length) followed by C-terminal globular do-
mains involved in cargo or kinetochore binding. Mechanistic studies were
peformed using a dimeric CENP-E-6His motor. Presteady-state and
steady-state kinetics were performed to determine the rate constants of the
individual steps of ATP binding, ATP hydrolysis, phosphate release,
CENP-E dissociation from the MT, and its reassociation to the MT with
ADP release. Preliminary studies with pulse chase experiments reveal that
MgATP binding to MTCENP-E follows a two-step process, formation of
a collision complex and a fast (47.5 s-1) nucleotide isomerization step.
Acid quench studies indicate that the ATP hydrolysis occurs at 24.6 s-1.
MT dissociation studies show that the motor detachment from MT is slow
at 1.35 s-1. The steady state kcat determined was 0.9 s-1, K1/2,MT = 1.5
mM, and Km,ATP = 18.3 mM. These studies are directed to define the dis-
tinctive mechanochemistry for CENP-E processive movement associated
with chromosome congression and MT plus-end elongation. Supported by
NIH GM54141 to Susan P. Gilbert.2884-Plat
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All members of the kinesin superfamily of molecular motors contain an unusual
structural motif consisting of an alpha helix that is interrupted by a flexible loop,
referred to as L5. The function of L5 remains unclear, although its length varies
considerably among different kinesins with different physiologies. We have ex-
amined this issue in themitotic kinesin Eg5 by combining site directedmutagen-
esis of L5 with transient state kinetics and molecular dynamics simulations. We
find that mutation of a highly conserved proline within this loop profoundly
slows nucleotide induced structural changes both at the catalytic site as well
as at the microtubule binding domain and the neck linker. Molecular dynamics
simulations reveal that this mutation affects the flexibility not only of L5 itself,
but also of the switch I structural elements that senseATPbinding to the catalytic
site. Separate fluorescence lifetime measurements of L5 also demonstrate that
this loop can assume two different conformations, whose equilibrium is affected
by nucleotide. Taken together, our results lead us to propose amodel inwhichL5
regulates the rate of conformational change in key elements of the nucleotide
binding site through its interactions with a3, and in so doing, controls the speed
of movement and force generation in kinesin motors.
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Mitotic chromosome segregation is mediated by mitotic spindle, a highly dy-
namic microtubule-based structure, which undergoes a distinct set of morpho-
logical changes in each mitotic cycle. Major factors that contribute to spindle
morphogenesis are microtubule (MT) plus-end dynamics and function of mo-
lecular motors from the Kinesin-5 family. Kinesin-5 family members are con-
served, homotetrameric motors with two catalytic domains located on opposite
sides of the active complex. This special architecture enables these motors to
crosslink and slide anti-parallel MTs originating from opposite spindle poles
and thereby perform their essential functions in mitotic spindle morphogenesis.
It was recently shown that Kinesin-5 motors affect anaphase spindle symmetry
and midzone organization (1). S. cerevisiae cells express two Kinesin-5 homo-
logues, Cin8p and Kip1p that overlap in function during spindle assembly,
metaphase and anaphase B and at least one of them need to be expressed for
viability. So far, the extent of redundancy between these two Kinesin-5 proteins
and their motile properties in vitro have not been thoroughly investigated.
In the present study, we use high temporal and spatial resolution imaging and
FRAP to characterize interpolar MT (iMT) plus-end dynamics during spindle
morphogenesis in S. cerevisiae cells expressing tubulin-GFP(2). This approach
allowed us to study the role of the major midzone organizing protein Ase1(2) in
controlling iMT plus-end dynamics and to compare between the effects of Cin8
and Kip1 on these dynamics during anaphase. In addition, in order to under-
stand in vivo functions of the Kinesin-5 Kip1, we characterized its motile prop-
erties in single-molecule fluorescence motility assay. Results from this assay
will be presented.
(1) Movshovich N, et al. J Cell Sci. 2008; 121:2529.
(2) Fridman V, et al. EMBO Rep. 2009; 10:387.
* Supported by the Lower-Saxony collaboration grant between BGU and
GAUG
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Understanding how microtubules (MTs) assemble and disassemble is vital to
understanding fundamental cellular processes, such as mitosis and polarization,
and their regulation via proteins and therapeutic drugs. Our current understand-
ing of assembly kinetics is based on the classic one-dimensional (1D) assembly
model of Oosawa, which assumes that the multiprotofilament MT can be mod-
eled as if it were a single protofilament. In the classic 1D model the subunit off-
rate is independent of free subunit concentration, an assumption that has yet to
